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We extracted caddisfly species occurrence records from a European-wide database (Schmidt-1 0 4 Kloiber et al. 2017) . To our knowledge this database is the most detailed and comprehensive 1 0 5 database for European Trichoptera. Our assessment started with 322 caddisfly species which 1 0 6 had more than 100 records, and a total of 395,513 records in the database. We removed 1 0 7 species living in ponds or wetlands from the dataset because air temperature is a poor proxy 1 0 8
for the influence of temperature on species dependent on these deeper water habitats (Caissie 1 0 9 2006). Further, only the species with more than 100 occurrence records in the database were 1 1 0 considered in our subsequent analysis to ensure more reliable predictions. We also removed to the year 2000, and did this to ensure that records aligned with the time period of current 1 1 3 climatic data considered . We also ensured that individual records retained for 1 1 4 modelling had an accuracy of at least 1 km to reduce spatial error. Our final database contained 260 caddisfly species, whose current distribution areas 1 1 6 varied from 3 to 42% of Europe's total area (mean = 2.4 ± 0.8 million km² SD; range size = 1 1 7 0.3 -4.2 million km² SD). The 260 modeled 'current' distribution ranges also fit in each of We accessed global-scale spatial climate data for both current and future (2080), from WorldClim (http://www.worldclim.org). All spatial climate data were 30 arc-seconds, included for all subsequent species distribution modelling: 1) temperature seasonality; 2) 1 3 0 maximum temperature of the warmest month; 3) minimum temperature of coldest month; 4) 1 3 1 precipitation of wettest month; 5) precipitation of driest month and 6) precipitation 1 3 2 seasonality. We assumed air temperature as a substitute for water temperatures, because 1 3 3
European-wide data on projected changes in water temperature are not available. Further, 1 3 4 caddisflies depend on both aquatic (larval) and terrestrial (adult) environments, and the 1 3 5 potential for caddisfly sensitivity to changes in temperature have been previously water temperature is generally acceptable for large scale studies that cover a certain extent of 1 3 8 climate, because air and water temperature in streams and rivers are strongly positively Research Organization) GCMs. The three GCMs we selected have been previously used to our study was to demonstrate variability between models, and averaging across GCMs can 1 4 8 smooth patterns and limit our ability to fully assess alternative scenario influences on climate suitability, and ultimately on species patterns. We modelled current and future distributions for 260 caddisfly species using an ensemble 1 5 4 modeling framework developed by Lauzeral et al. (2015) . Ensemble models are known to be the absence of a given caddisfly species in a European region remains uncertain. used six predictive modelling methods belonging to three commonly used correlative species 1 7 3 distribution modelling techniques. We used two regression techniques: generalized linear 1 7 4 models (GLM) and generalized additive models (GAM); two machine learning techniques: variables were spline transformed (df = 4). We generated 1000 trees in our GBM models and 1 8 0 300 trees in our RF models, and for both of these modelling methods, the number of 1 8 1 predictors randomly selected at each node was the square root of the total number of climate Model quality was quantified using TSS, accounting for model sensitivity and specificity. All Our models predicted current and potential future range distributions for 260 European 1 9 3 caddisfly species. Using these predictions, we represented future (2080) species ranges 1 9 4 considering both no dispersal and dispersal scenarios for each GCM. Under no dispersal 1 9 5 scenarios, species ranges were constrained to their current distribution ranges, and under 1 9 6 dispersal scenarios predicted species ranges extended outside their existing distribution range. Our models showed good performance for each of the 260 caddisfly species (TSS > 0.6), with 2 0 1 a mean TSS = 0.83 (± 0.06 SD) and low variability in model performance across species. Based on the 260 caddisfly species considered in our analysis, we found that species richness 2 0 3 peaks in central Europe (Fig. 1a) . Under a non-dispersal scenario, species richness would 2 0 4 decline throughout Europe regardless of the scenario (Fig. 1b ) or the circulation model 2 0 5 considered (Fig. 1b, S1b and S2b ). In addition, under a non-dispersal scenario, mitigation Southern Europe (e.g. areas of Italy and Greece; Fig. 1b ) loses more species. Southern Europe (Italy and Greece; Fig. 1c ) lose more species under the mitigation scenario. Allowing species dispersal results in species richness shifting in both a north and east 2 1 1 direction by 2080, regardless of the circulation model considered (Fig. 1c , S1c and S2c). (4.47±2.56°SD) compared to business as usual (1.33±2.24°SD) (Fig. 1c ).
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The Cgcm GCM predicts increased suitability, with caddisfly species richness 2 2 0 increasing across 64% of the European landscape under the mitigation scenario compared to 2 2 1 under business as usual (Fig. 1c ). Our predictions also show that most of the European 2 2 2 landscape (55% of total area) is predicted to experience higher species loss under business as 2 2 3 usual (Fig. 1d ). However, under the mitigation scenario, 16% of Europe has more pronounced as usual (Fig. 1d) . Areas predicted to experience higher species loss under mitigation are in 2 2 6 northern Europe as well as parts of Italy and Greece (Fig. 1d ). Under mitigation, Northern and 2 2 7 10 Eastern Europe as well as some parts of Spain and Portugal gain higher numbers of species 2 2 8 than under business as usual (Fig. 1e ). We found similar changes in geographical patterns 2 2 9
across Europe under the mitigation scenario for the two other GCMs used (Fig. S1d,e S2d,e).
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We further explored which climatic variables explain predicted differences in species 2 3 2 richness patterns between the two future scenarios. Under Cgcm GCM, the difference 2 3 3 between the two scenarios in predicted loss or gain of species (measured per pixel) is mainly 2 3 4 due to two climate variables (Fig. 2 and S3 ). Predicted differences in species loss are a 2 3 5 consequence of higher maximum temperature of the warmest month predicted across southern Europe under the mitigation scenario ( Fig. 2a ). Predicted differences in species-gain (per 2 3 7 pixel) are a consequence of higher precipitation predicted in the driest month under mitigation 2 3 8 ( Fig. 2b) . distribution and tend to expand beyond their current distribution by 42 to 97% (Fig. 3, S4 and 2 4 2 S5). The effect of mitigating greenhouse gas emissions is also predicted to have 2 4 3 heterogeneous effects across GCMs, with Cgcm maintaining highest proportion of species' 2 4 4 current distributions (Fig. 3, S4 and S5 ). On average, under Cgcm, species retain 5% more of 2 4 5 their current distribution under a mitigation compared to business as usual scenario, but also mitigation scenario (Fig. 3) . Roughly 20% of species (50 species) in our study are predicted to be losers, either Indeed, even though climatic conditions will be globally improved under mitigation, in a few 2 7 8 places, climate change is predicted to be more pronounced under mitigation than under 2 7 9 business as usual. For instance, we found that under the mitigation scenario we considered 2 8 0 that temperature is predicted to reach higher values in Western and Southern Spain, Italy and the models showed that species currently inhabiting Southern France, Italy and the Balkans 2 8 3 will benefit the least from efforts to mitigation greenhouse gasses by 2050. These areas, When considering both a no-dispersal and a dispersal scenario we found a decline in 2 8 7 species richness in Southern Europe. However, we found that if species were able to freely 2 8 8 disperse then species richness would increase in both Eastern and Northern Europe by 2080. Caddisflies are relatively poor dispersers compared to other flying macroinvertebrates like 2 9 0 dragonflies, but large ranging caddisfly species, like those considered in our study, are known 2 9 1 to be better dispersers compared to species with more restricted ranges (Hering et al. 2009 ).
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We were unable to account for individual species dispersal abilities because this information 2 9 3 is known for so few species. It is possible that explicit consideration of species' dispersal 2 9 4 abilities, as opposed to unlimited dispersal, would restrict the potential expansion of species 2 9 5 into new regions and identify even greater losses for species. In turn, our dispersal scenarios 2 9 6 offer a conservative view, and are likely to exceed most species actual dispersal abilities. Despite this limitation it is important to evaluate scenarios that consider potential dispersal al. 2009). In addition to our limited ability to account for species' dispersal, we were not able to account for other human disturbances or hydrological conditions into the future. As noted 3 0 1 above this means that our predictions likely offer an optimistic view of how caddisfly species Our modelling approach also required us to focus on relatively broad-ranging, data with narrower distributions that are also considered to be more sensitive to climate change, 3 1 0 such as those inhabiting mountains or mountainous areas. Given the high likelihood of these 3 1 1 climatic conditions in future, proactive strategies are needed to identify species that will 3 1 2 potentially not benefit from climate change mitigation efforts and to identify strategies (e.g., to climate change, but coupling data generated from their research with the models generated 3 1 8 here, would allow for a more dynamic and proactive approach. Coupling these methods could 3 1 9
